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Abstract  
  We have studied the terahertz absorption spectra of propionaldehyde and propionic acid to 
investigate weak hydrogen bonds using the terahertz time-domain spectroscopy. Both molecules 
dimerize by intermolecular hydrogen bonding. We found that propionaldehyde has stronger 
absorption between 3 and 50 cm-1 than propionic acid. We calculated the intermolecular vibrational 
modes of both dimers using quantum chemical calculation. Propionaldehyde gives lower frequencies 
of the intermolecular vibrations than propionic acid. We conclude that we succeed in direct 






࠿ࡽ 10 THz ࡢ㟁☢Ἴࢆᣦࡍࡇ࡜ࡀከࡃࠊ1 ࢸࣛ࣊ࣝࢶ㸦= 1 THz㸧ࡣ 1012 Hz ࡛࠶ࡾࠊ1 THz


























2 ᯛࡢ㧗᢬ᢠࢩࣜࢥࣥᯈ㸦ཌࡉ㸸3 mm㸧ࡢ㛫࡟ⷧᆺࢫ࣮࣌ࢧ㸦ཌࡉ㸸0.2 mm㸧ࢆࡣࡉࢇ
ࡔᾮయࢭࣝ㸦ᅗ 2㸧࡟ࠊᾮయヨᩱࢆධࢀ࡚⾜ࡗࡓࠋヨᩱ࡜❆ࢆ㏱㐣ࡋࡓࢸࣛ࣊ࣝࢶἼ
㸦Sample THz Ἴ㸧ࠊ❆ࡢࡳࢆ㏱㐣ࡋࡓࢸࣛ࣊ࣝࢶἼ㸦Reference THz Ἴ㸧ࡢࡑࢀࡒࢀࡣࠊ
10 ᅇ ᐃࡋ࡚✚⟬ࡋࡓࡶࡢࢆ 1 ࡘࡢ᫬㛫Ἴᙧࢹ࣮ࢱ࡜ࡋࡓࠋSample THz Ἴ࡜ Reference
THz Ἴࡢ ᐃࡋࡓ᫬้ࡢᕪࡀᑠࡉࡃ࡞ࡿࡼ࠺࡟ࠊSample THz Ἴ࡜ Reference THz Ἴࢆ㐃
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 ࣉࣟࣆ࢜ࣥ㓟ࡢ Sample THz Ἴ࡜ Reference THz Ἴࡢࣃ࣮࣡ࢫ࣌ࢡࢺࣝࢆࠊᅗ 3(a)࡟♧
ࡍࠋヨᩱࢆ㏱㐣ࡋࡓࢸࣛ࣊ࣝࢶἼࡣ 90 cm㸫1ࡲ࡛ᖏᇦࢆᣢࡕࠊࢸࣛ࣊ࣝࢶ྾཰ࢫ࣌ࢡࢺ
ࣝࡣ 5 ~ 80 cm㸫1࡛෌⌧ᛶࡀᚓࡽࢀࡓ㸦ᅗ 3(b)㸧ࠋࣉࣟࣆ࢜ࣥ㓟ࡢ྾ගಀᩘࢫ࣌ࢡࢺࣝࡣࠊ
Ἴᩘࡀቑຍࡍࡿ࡟ᚑࡗ࡚ࠊ⦆ࡸ࠿࡟ቑຍࡍࡿࠋ
ࣉࣟࣆ࢜ࣥ࢔ࣝࢹࣄࢻࡢ Sample THz Ἴ࡜ Reference THz Ἴࡢࣃ࣮࣡ࢫ࣌ࢡࢺࣝࢆࠊᅗ
4(a)࡟♧ࡍࠋヨᩱࢆ㏱㐣ࡋࡓࢸࣛ࣊ࣝࢶἼࡣ 70 cm㸫1ࡲ࡛ᖏᇦࢆᣢࡕࠊࢸࣛ࣊ࣝࢶ྾཰















㓟ࡢ྾ගಀᩘࡢ 2 ಸ௨ୖ࡛࠶ࡾࠊࣉࣟࣆ࢜ࣥ࢔ࣝࢹࣄࢻࡣࠊࣉࣟࣆ࢜ࣥ㓟࡜ẚ㍑ࡋ࡚ 5
~ 60 cm㸫1࡟㠀ᖖ࡟ᙉ࠸྾཰ࢆᣢࡘࡇ࡜ࢆ♧ࡋ࡚࠸ࡿࠋ
    

ᅗ  ࣉࣟࣆ࢜ࣥ㓟ࡢࢸࣛ࣊ࣝࢶࢫ࣌ࢡࢺࣝ㸸Dࣃ࣮࣡ࢫ࣌ࢡࢺࣝ࡜E྾ගಀᩘࢫ࣌ࢡࢺࣝࠋ
           








ᅗ 5(b)㸧ࡢ㉳※ࢆศᏊㄽⓗ࡟⪃ᐹࡍࡿࡓࡵ࡟ࠊࡑࢀࡒࢀࡢ 2 㔞యࡢ㔞Ꮚ໬Ꮫィ⟬ࢆ⾜ࡗ






ᇶᗏ㛵ᩘ࡟ 6-311++G(2d,p)ࢆ⏝࠸ࡓࠋᅗ 5 ࡟ࠊࣉࣟࣆ࢜ࣥ㓟࡜ࣉࣟࣆ࢜ࣥ࢔ࣝࢹࣄࢻࡢ
2 㔞యࢆ♧ࡍ㸦Ⅼ⥺㒊ศࡣศᏊ㛫Ỉ⣲⤖ྜ㸧ࠋࡲࡓࠊᅗ 6 ࡟ࠊࣉࣟࣆ࢜ࣥ࢔ࣝࢹࣄࢻ࠾
ࡼࡧࣉࣟࣆ࢜ࣥ㓟ࡢศᏊ㛫Ỉ⣲⤖ྜ࡟㉳ᅉࡍࡿࠊ2 㔞యࡢ 6 ಶࡢᇶ‽᣺ື࣮ࣔࢻ㸦ᅗ 6㸧
ࢆ♧ࡍࠋࡇࢀࡽࡢᇶ‽᣺ື࣮ࣔࢻࡣࠊࣉࣟࣆ࢜ࣥ㓟 2 㔞య࡜ࣉࣟࣆ࢜ࣥ࢔ࣝࢹࣄࢻ 2 㔞
య࡛㢮ఝࡋ࡚࠾ࡾࠊࡑࢀࡒࢀ㢮ఝࡋࡓᇶ‽᣺ື࣮ࣔࢻࢆྠࡌグྕ࡛⾲ࢃࡋ࡚࠸ࡿ [4]ࠋ
ࡑࢀࡒࢀࡢ 2 㔞యࡢࠊ㔞Ꮚ໬Ꮫィ⟬࡛ぢࡘ࠿ࡗࡓ 2 ࡘࡢᏳᐃ໬ᵓ㐀㸦ᅗ 7㸧࡟ᑐࡋ࡚ࠊ
ᇶ‽᣺ືゎᯒࢆࡋࡓ⤖ᯝࢆ⾲ 1 ࡟♧ࡍࠋ






ᅗ  2 㔞యࡢศᏊᵓ㐀 (R = CH3CH2CH2)㸸(a)ࣉࣟࣆ࢜ࣥ㓟 ࡜(b) ࣉࣟࣆ࢜ࣥ࢔ࣝࢹࣄࢻࠋⅬ⥺
ࡣࠊศᏊ㛫Ỉ⣲⤖ྜࢆ࠶ࡽࢃࡍࠋ
             
ᅗ  2 㔞యࡢ᣺ື࣮ࣔࢻ㸸(a)ࣉࣟࣆ࢜ࣥ㓟࡜(b)ࣉࣟࣆ࢜ࣥ࢔ࣝࢹࣄࢻࠋQ1㸸ᑐ⛠ఙ⦰, Q2㸸㠃
ෆࡡࡌࢀ, Q3㸸㏫ᑐ⛠ఙ⦰, Q4㸸ᑐ⛠㠃እኚᙧ, Q5㸸㠃እࡡࡌࢀ, Q6㸸཯ᑐ⛠㠃እኚᙧࠋ
 ࣉࣟࣆ࢜ࣥ࢔ࣝࢹࣄࢻ 2 㔞యࡢศᏊ㛫᣺ື࣮ࣔࢻࡢ᣺ືᩘࡣ 15 ~ 55 cm㸫1࡟ศᕸࡋ࡚
࠸ࡿ㸦⾲ 1㸧ࠋ୍᪉ࠊࣉࣟࣆ࢜ࣥ㓟 2 㔞యࡢศᏊ㛫᣺ື࣮ࣔࢻࡢ᣺ືᩘࡣ 40 ~ 155 cm㸫1
࡟ศᕸࡋ࡚࠸ࡿࠋࡲࡓࠊࡑࢀࡒࢀࡢ 2 㔞యࡢ㢮ఝࡋࡓศᏊ㛫᣺ື࣮ࣔࢻ࡟ᑐࡋ࡚ࠊࣉ
ࣟࣆ࢜ࣥ࢔ࣝࢹࣄࢻ 2 㔞యࡢࡍ࡭࡚ࡢ㉥እάᛶ࡞᣺ື࣮ࣔࢻࡢ࿘Ἴᩘࡣࠊࣉࣟࣆ࢜ࣥ








            

ᅗ  2 㔞యࡢᏳᐃ໬ᵓ㐀ࠋ(a-1), (a-2)㸸ࣉࣟࣆ࢜ࣥ㓟ࡢ 2 㔞యࠋ(b-1), (b-2)㸸ࣉࣟࣆ࢜ࣥ࢔ࣝࢹ
ࣄࢻࡢ 2 㔞యࠋ

⾲  㔞Ꮚ໬Ꮫィ⟬࡟ࡼࡿ 2 㔞యࡢศᏊ㛫ᇶ‽᣺ື࣮ࣔࢻࡢᅛ᭷᣺ືᩘ
ࣉࣟࣆ࢜ࣥ㓟 2 㔞య (a-1) ࣉࣟࣆ࢜ࣥ㓟 2 㔞య (a-2) 







Q1 0 157.6 0.2 140.5
Q2 0 128.5 0.05 166.5
Q3 8.9 111.8 19 151.6
Q4 4.2 46.6 1.4  44.1
Q5 0.002 75.3 0.5  72.4
Q6 0 101.2 1.0  90.3
ࣉࣟࣆ࢜ࣥ࢔ࣝࢹࣄࢻ 2 㔞య (b-1) ࣉࣟࣆ࢜ࣥ࢔ࣝࢹࣄࢻ 2 㔞య (b-2) 







Q1 0 63.7 0.3 70.7
Q2 0 54.0 0.07 55.5
Q3 10.8 41.9 13.8 54.7
Q4 0.07 2.6 2.5 17.2
Q5 13.0 33.5 1.9 35.2





㉥እᙉᗘࡣࠊQ3ࡢ㉥እᙉᗘࡢ 1/2 ௨ୗ㸦⾲ 1(a)ᕥࡢᵓ㐀㸧ࠊ1/10 ௨ୗ㸦⾲ 1(a)ྑࡢᵓ㐀㸧
(a-1) (a-2) (b-1) (b-2)
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࡛࠶ࡿࠋࡘࡲࡾࠊࣉࣟࣆ࢜ࣥ㓟ࡢࢸࣛ࣊ࣝࢶ྾཰ࢫ࣌ࢡࢺࣝ㸦ᅗ 3(a)㸧࡛ࡣࠊQ3࡟ࡼࡿ
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